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ABSTRACT 

Observation of standard stars is of crucial importance in stellar photometry. We have studied the 
standard transformation relations of the U BVRI CCD photometric system at the Maidanak Astronom- 
ical Observatory in Uzbekistan. All observations were made with the AZT-22 1.5m telescope, SITe 2k 
CCD or Fairchild 486 CCD, and standard Bessell UBVRI filters from 2003 August to 2007 September. 
We observed many standard stars around the celestial equator observed by SAAO astronomers. The 
atmospheric extinction coefficients, photometric zero points, and time variation of photometric zero 
points of each night were determined. Secondary extinction coefficients and photometric zero points 
were very stable, while primary extinction coefficients showed a distinct seasonal variation. We also 
determined the transformation coefficients for each filter. For B, V, R, and I filters, the transformation 
to the SAAO standard system could be achieved with a straight line or a combination of two straight 
lines. However, in the case of the U filter and Fairchild 486 CCD combination, a significant non-linear 
correction term - related to the size of Balmer jump or the strength of the Balmer lines - of up to 
0.08 mags was required. We found that our data matched well the SAAO photometry in V, B — V, 
V — I, and R — I. But in U — B, the difference in zero point was about 3.6 mmag and the scatter was 
about 0.02 mag. We attribute the relatively large scatter in U — B to the larger error in U of the SAAO 
photometry. We confirm the mostly small differences between the SAAO standard UBVRI system and 
the Landolt standard system. We also attempted to interpret the seasonal variation of the atmospheric 
extinction coefficients in the context of scattering sources in the earth's atmosphere. 

Key words : techniques: CCD photometry — stars: imaging — standard star 



I. INTRODUCTION 

Many photometric systems have been developed for 
various astronomical purposes since photoelectric pho- 
tometry was introduced. A photometric system is de- 
fined by the central wavelengths and width of its pass- 
bands and its set of standard stars. Photometric sys- 
tems can be divided into three categories according 
to the width of their passbands - broad, intermediate, 
and narrow band system (Bessell 2006). The 'Johnson- 
Cousins' UBVRcIc system is the most widely used 
broad-band photometric system. 

The UBV photometric system defined by Johnson 
and Morgan in 1953 was designed around the estab- 
lished MK spectral classification (Johnson & Morgan 
1953). They defined the zero point of all color indices 
to be those of the bright northern main-sequence star 
Vega with spectral type AO. Subsequently they pub- 
lished several papers of photoelectric photometric data 
that comprises the original U BV photometric standard 
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star lists. Most of these standard stars are very bright 
and in addition many variable stars were also included. 
A few years later, Johnson (1966) extended his pho- 
tometric system up to mid-IR. The advent of newer 
and more sensitive and reliable photoelectric detectors 
in the 1970s and CCDs in the 1990s opened accurate 
photometry to fainter stars. The original Johnson stan- 
dards were inappropriate for modern photometry and 
nowadays the Kron-Cousins Rclc system is widely 
used instead of Johnson's Rjlj because of the more 
precise standards. 

Currently two sets of standard star regions are mainly 
used in U BV(RI)c photometry. The first is the E- 
region standard stars centered at declination —45 in 
the southern hemisphere. The other is the Landolt 
equatorial standard stars. The photoelectric UBV pho- 
tometry of E-region standard stars were established by 
A. W. J. Cousins (1978). It is very closely tied to the 
Johnson UBV system. The astronomers at the South 
Africa Astronomical Observatory (SAAO) are contin- 
uously improving the accuracy and precision of the E- 
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region stars. The SAAO standard stars are known 
as the most precise system available currently. How- 
ever, there are several limitations in the E-region stan- 
dard stars - the majority are too bright, they lack ex- 
tremely blue or red stars, and are sparsely distributed. 
SAAO observers have tried to overcome these limita- 
tions. Menzies et al. (1991) (hereafter M91) performed 
extensive photometry of Landolt's equatorial standard 
stars as program stars using E-region standard stars. 
Kilkenny et al. (1998) published additional photomet- 
ric data for very blue and red stars. 

Landolt (1973, 1983, 1992) also published extensive 
lists of standard stars in the celestial equator. Lan- 
dolt (1973) was confined to UBV only, but based on 
Cousins E-region stars. Later Landolt (1983) (hereafter 
L83) extended his standard system to (RT)c- Owing 
to the emergence of sensitive two-dimensional detec- 
tors, such as CCDs, the necessity of many faint stan- 
dard stars covering a wide color range in a small field of 
view was obvious. Landolt (1992) (hereafter L92) is the 
only available standard star list to meet these require- 
ments. He also observed many blue and red standard 
stars selected from various catalogues. Recently Lan- 
dolt (2007) published new standard stars at declination 
«-50°. 

There are several reports on the systematic differ- 
ences between SAAO and Landolt systems, although 
Landolt's photometry were based on Cousins stan- 
dards. Those systematic differences in V — I, B — V, 
and U — B are discussed in M91, Bessell (1995), and 
Sung & Bessell (2000) (hereafter SB00). The differ- 
ences in (U — B) are sufficiently large that they make 
it difficult to get reliable physical quantities for early 
type stars. These systematic differences have arisen 
through differences in instrumental system passbands 
and standardization problems associated with a lack of 
red and blue E-region standards. 

Precise standardized photometry cannot be obtained 
without a detailed knowledge of the photometric sys- 
tem, its standard stars, and the characteristics of the 
observing site including atmospheric extinction correc- 
tions. To investigate the characteristics of the observ- 
ing site as well as the photometric system of Maidanak 
Astronomical Observatory (MAO), we observed many 
standard stars in the celestial equator over the last five 
years with a Fairchild 486 CCD (hereafter 4k CCD) or a 
SITe 2000 x 800 CCD (2k CCD), and Bessell UBVRI 
filters (Sec Lim et al. 2008 for the characteristics of 4k 
CCD system). Atmospheric extinction and standard 
transformation are dealt with in §11. Comparisons be- 
tween our results and Landolt photometry are made 
in §111. The characteristics of the atmospheric extinc- 
tion coefficients are discussed in §IV. We also present 
variable star candidates from our observations in that 
section. The summary is given in §V. 



II. ATMOSPHERIC EXTINCTION AND STAN- 
DARD TRANSFORMATION 

(a) MAO CCD system 

All observations were made with the AZT-22 1.5m 
telescope (f/7.74), 4k CCD or 2k CCD, and Bessell 
UBVRI filters at MAO. The characteristics of the 4k 
CCD system can be found in the previous paper (Lim 
et al. 2008). 

(b) Observation and Data Reduction 

Our observations were mainly made from 2003 Au- 
gust to 2007 September. Twenty five nights were pho- 
tometric. A total of 2513 measurements (436 in /, 225 
in R, 663 in V, 585 in B, 604 in U) of SAAO stan- 
dard stars in M91 and Kilkenny et al. (1998) were 
used to derive atmospheric extinction and transforma- 
tion coefficients. We also measured the magnitude of 
Landolt standard stars in the observed images. To get 
quality data we used an appropriate exposure time for 
a given standard star. Nevertheless some bright stars 
were saturated even in short exposure images and some 
faint stars, especially in U, were too faint to get reliable 
data. 

Pre-processing was performed using the IRAF/ CC- 
DRED package. All processes for the 4k CCD are de- 
scribed by Lim et al. (2008). After removing instru- 
mental signatures, we performed simple aperture pho- 
tometry for standard stars. An aperture of 10" for the 
2k CCD and 14" for the 4k CCD was used for standard 
star photometry. Standard stars with good signal-to- 
noise ratios (e < 0.01) were then used to determine 
the extinction and transformation coefficients for each 
filter. 

(c) Extinction Coefficient 

Atmospheric extinction is caused by absorption and 
scattering from gas molecules, dust particles and aerosols 
in the earth's atmosphere. Its value depends primar- 
ily on airmass - the line-of-sight length passing through 
the earth's atmosphere. In addition, since a component 
of the extinction varies with wavelength, the value of 
the extinction measured across a wide filter passband 
will differ depending on the spectral energy distribu- 
tion of stars. We correct for this effect by looking for a 
primary or first extinction coefficient that is dependent 
on airmass but is independent of color, and a secondary 
extinction coefficient that depends also on color. The 
secondary extinction coefficient is negligible in V or 
redder passbands. The magnitude corrected for the at- 
mospheric extinction is given by 

m x .o =mx- {fax - faxC )X, (1) 



where mxo, mx, fax, fax, Co, and X are the extinction- 
corrected magnitude, observed instrumental magni- 
tude, primary extinction coefficient, secondary extinc- 
tion coefficient, relavant color index, and airmass, re- 



Standard Stars 



3 



<k 1[ > = 0.077±0.064. 



-O- 



• • • 



<k 1R > = 0.123±0.0423 



H 1 1 1 H 



<k lv > = 0.178±0.05H 



<k 1B > = 0.28B±0.052 



<k„,> = 0.485±0.074: 



o 



<k 2B > = 0.030±0.005- 



© 



<k 2U > = 0.021±0.006H 



100 200 300 

Day of the year 

Fig. 1. — Extinction coefficients for each filter. The line 
and numbers given at the upper right of each panel indi- 
cates the mean value of atmospheric extinction coefficients. 
The filled and open circles represent the extinction coeffi- 
cients obtained with the 4k CCD and 2k CCD, respectively. 
All primary extinction coefficients show an obvious seasonal 
variation, whereas secondary extinction coefficients are sta- 
ble. 



spectively. In general, we observed many standard re- 
gions several times at various airmasses. To ensure a 
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Fig. 2. — The standard transformation relation for the 
SITe 2k CCD. The size of the circles is proportional to 
the numbers of observations. The solid line represents the 
transformation relation. Open circles denote suspected vari- 
ables. The error bar is the quadratic sum of the standard 
deviation in M91 or Kilkenny et al. (1998) and our data. 
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long baseline in airmass we often observed standard 
stars near the meridian and again at zenith distances 
of « 60. 

Although we used four on-chip amplifiers for the 4k 
CCD to save CCD read-out time, we could find no 
noticeable difference in photometric zero points asso- 
ciated with them. The atmospheric extinction coef- 
ficients presented in Figure 1 and Table 1 for the 4k 
CCD are therefore the weighted mean values of those 
determined from the standard stars in each quadrant. 
The secondary extinction coefficients are only given for 
U and B, those in V, R and I were too small to be con- 
sidered meaningful. We plot the extinction coefficients 
against day of the year in Fig. 1. Those extinction 
coefficients obtained with the 2k CCD agree well with 
those determined with the 4k CCD data. 

There are obvious seasonal variations in the primary 
extinction coefficients in all filters. The coefficients are 
larger in summer, but smaller in winter. In addition, 
the extinction coefficients in summer show a large scat- 
ter (sec §IV(a) for the discussion). The mean extinc- 
tion coefficients are slightly larger in V and R than 
those at Siding Spring Observatory (SSO), but in U, B, 
and I are slightly smaller (SB00). On the other hand, 
we could not find any seasonal variations in the sec- 
ondary extinction coefficients, and therefore, observers 
at MAO can use mean values for the secondary extinc- 
tion coefficient in U and B. 

(d) Transformation Coefficients 

Any photometric system is defined by the filters and 
detectors used in the observations. A slight deviation 
between the standard magnitudes and atmospheric- 
extinction-corrected natural instrumental magnitudes 
is expected, and needs to be corrected for to achieve the 
highest accuracy. Such differences are tracked and cor- 
rected for through observation of many standard stars 
with as full a range of color as possible. The correction 
term between two systems is called the transformation 
coefficients, and is related as follow. 

M A = m A , + m ■ C + a x ■ UT + ( x (2) 

where M\, m\.o, fix, Co, a, UT, (\ represent the 
standard magnitude, atmospheric extinction-corrected 
instrumental magnitude as defined in equation (1), 
transformation coefficient, relevant color index, time- 
variation coefficient, time difference relative to mid- 
night, and photometric zero point, respectively. All 
parameters are determined by using the weighted least 
square method (weight = weight f actor /e 2 ). The 
weight factor is proportional to the reliability level 
of standard stars and the relative quality of each night, 
e is the photometric error. 

The final transformation relations for the 2k CCD 
are shown in Figure 2, and these coefficients are listed 
in Table 2. All transformations to the SAAO sys- 
tem are a straight line or combination of two straight 



lines. But the transformation relation for very red stars 
(V — I > 2.0 or R — I > 1.0) is uncertain due to a lack 
of very red standard stars. We also showed the trans- 
formation relation for the 4k CCD in Figure 3. For B, 
V, R, and / filters, the transformation to the SAAO 
standard system can be achieved with a straight line 
or a combination of two straight lines. However, in U, 
there is a conspicuous non-linear correction term re- 
lated to the size of the Balmer jump or the strength 
of the Balmer lines. Sung et al. (1998) and SB00 also 
introduced a similar non-linear correction term in the 
transformation of the SSO U filter. The maximum size 
of the non-linear correction term is up to 0.08 mag. 

The transmission function of the Bessell U filter 
matches well with the total response function of the 
original Johnson's U filter and the quantum efficiency 
of the photomultiplicr tube. The non-linear correction 
term in the U transformation must result from the ef- 
fective wavelength of the U passband being pushed to 
far to the red. With most CCD photometry this results 
from a steep change in the quantum efficiency of the 
CCD across the U passband, but the average quantum 
efficiency of a Fairchild 486 CCD chip (Fairchild home- 
page) is high and nearly flat in U so the passband shift 
must result from some other optical component cutting 
off the short wavelength side of the U 4 response (e.g. 
dewar window). 

The necessity of very red standard stars has in- 
creased recently as the finding of very red, low-mass 
objects has become an important topic in astronomy. 
We tried to determine the transformation relation of 
I and R for very red colors, but failed because all the 
red standard stars were saturated even in the shortest 
exposure time. 

(e) Time Variation of Photometric Zero Points 

The photometric zero points depend primarily on 
the light gathering power of the photometric system, 
i.e. the size and state of the primary mirror and 
the quantum efficiency of the detectors. In addition, 
changes in the atmospheric conditions such as a change 
in water vapor or dust content in the atmosphere or a 
change in the ozone layer in the upper atmosphere also 
affects the zero point. It is known that the change in 
water vapor content affects the extinction at the longer 
wavelength (mostly I and near-IR), while changes in 
the thickness of the ozone layer affects the extinction 
at the short wavelength (U and B) (see SB00 or Sung 
et al 2001). 

Figure 4 shows a typical case of time variation ob- 
tained on 2004, August 15. We found that in many 
cases the time variation of the photometric zero-points 
at MAO started at evening twilight and ended around 
midnight {UT = 20 ~ 2l h ). We made a note in the 8th 
column of Table 1 if there was a noticeable amount of 
time variation during the night. 
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Table 1. 
Extinction coefficients 



Date of Obs 




h\i 




k\ v 


k~iB 


k\u 


CCD 






TIME variation 


2003.08.18. 





1027 




0.1646 


0.2831 


0.5204 


SITE 2000 X 


8 


00 


o 


2004.08.10. 





0669 




0.2078 


0.2706 


0.4463 


SITE 2000 x 


8 


00 


o 


2004.08.11. 





0957 




0.1947 


0.2827 


0.4038 


SITE 2000 x 


8 


00 


o 


2004.08.15. 





1033 




0.1810 


0.2963 


0.4830 


SITE 2000 x 


800 


o 


2005.08.04. 





0521 




0.1859 


0.3129 


0.5134 


SITE 2000 x 


800 


o 


2005.08.05. 





1337 




0.2241 


0.3297 


0.6663 


SITE 2000 x 


800 


o 


2005.08.06. 





1014 


_ 


0.1885 


0.3219 


0.5210 


SITE 2000 x 


8 


00 




2005.08.09. 





1391 




0.2314 


0.3238 


0.4230 


SITE 2000 x 


8 


00 


o 


2006.07.14. 





0905 




0.1982 


0.3010 


0.6261 


SITE 2000 x 


8 


00 


o 


2006.07.15. 








0.2282 


0.3080 




SITE 2000 x 


8 


00 


o 


2006.08.17. 





0563 




0.1572 


0.2734 




Fairchild 4096 


X 


4096 


o 


2006.08.22. 





2601 




0.3040 


0.4069 


0.6074 


Fairchild 4096 


X 


4096 




2006.11.11. 





0556 


0.0932 


0.1536 


0.2594 


0.4948 


Fairchild 4096 


x 


4096 




2006.11.24. 





0465 


0.0931 


0.1285 


0.2360 


0.4107 


Fairchild 4096 


X 


4096 




2006.12.26. 





0571 


0.0932 


0.1436 


0.2640 


0.4358 


Fairchild 4096 


X 


4096 




2007.01.25. 





0277 


0.0757 


0.1214 


0.2384 


0.4169 


Fairchild 4096 


X 


4096 




2007.01.26. 





0386 




0.1308 


0.2269 


0.4141 


Fairchild 4096 


X 


4096 




2007.01.27. 





0395 


0.0855 


0.1320 


0.2241 


0.4085 


Fairchild 4096 


X 


4096 




2007.04.12. 





1265 


0.2000 


0.2302 


0.3501 


0.5322 


Fairchild 4096 


X 


4096 




2007.04.18. 








0.1916 


0.2996 




Fairchild 4096 


X 


4096 




2007.05.09. 





1024 


0.1527 


0.2042 


0.3020 


0.5110 


Fairchild 4096 


X 


4096 




2007.06.13. 






0.1747 


0.2120 


0.3509 


0.4753 


Fairchild 4096 


X 


4096 




2007.08.05. 





0380 




0.2060 


0.3180 


0.6380 


Fairchild 4096 


X 


4096 


o 


2007.09.13. 





0762 


0.1183 


0.1394 


0.2688 


0.4832 


Fairchild 4096 


X 


4096 


o 


2007.09.14. 






0.1386 


0.2018 


0.2989 


0.4767 


Fairchild 4096 


X 


4096 




MEAN 





0862 


0.1225 


0.1864 


0.2939 


0.4958 












V-I U-B 



Fig. 3. — The standard transformation relation for the Fairchild 486 CCD. The vertical dashline denotes the color where 
the slope of the transformation changes. The other symboles are the same as Figure 2. 
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Fig. 4. — The variation of the photometric zero point in 
the V filter against UT on 2004, August 15. The open 
circles represent variable star candidates. The photometric 
zero point slightly increased between UT = 14 h and 21 h 
with no variation after UT = 21 h . 



(f) Standard Transformation 

We transformed the data to the SAAO system using 
the relations above, and present the results in Table 
3. The data for variable star candidates in Table 5 
are not listed in the table. We also plot the residuals 
relative to the SAAO system in Figure 5 for the 2k 
CCD and in Figure 6 for the 4k CCD. The number at 
the bottom of each panel represents the weighted mean 
value and standard deviation of the residuals (weight = 
the number of observations) . The mean value indicates 
the difference of zero points of our results relative to the 
SAAO system, while the standard deviation represents 
the precision (or reproducibility) of our photometry. 
In general, the differences in photometric zero point 
relative to the SAAO system are less than 1 mmag. But 
in U — B (and V — I from the 2k CCD) the difference is 
slightly larger ( 3 - 3.6 mmag). A somewhat larger 
difference in the V — I zeropoint of the 2k CCD is 
probably due to the lack of red standard stars. The 
slope of the / transformation is strongly affected by 
the color where the slope changes. Unfortunately only 
one star with V — I > 1.6 was secured and the 2k CCD 
was replaced by a new 4k CCD in 2006, June. 

For the U — B color, both 2K (CCD data) and 4K 
CCD data show a similar size zero point offset and a 
larger scatter. The error in the bottom panel of Figure 
2 is mainly due to the error in the M91 photometry, 
not in ours. At SAAO the 50cm telescope was used 
for the photometry of standard stars and the quantum 
efficiency of the photomultiplier tubes was much lower 
than that of our CCD. As shown in Figure 7, the er- 
rors in U — B of the SAAO data increase rapidly for 
U > 12, while those in our data are nearly flat down to 
U « 14. A somewhat larger offset in zero point and a 
larger scatter between our data and the SAAO data is 
inevitable. 
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Fig. 5. — Residuals of the SITe 2k CCD data relative to 
the SAAO system against an appropriate color index. The 
numerical value at the bottom of each panel represents the 
weighted mean value and standard deviation of the residu- 
als. The size of circles is proportional to the numbers of our 
observations. The open circle denotes variable star candi- 
dates. The meaning of A is in the sense SAAO data minus 
the transformed 2k data. 
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Table 2. 
Transformation coefficients 







Filter 


COLOR 


SITe 2k COD 

r) COLOR RANGE 


Fairchild 4k CCD 

?7 COLOR RANGE 


/ 


V - I 
R — I 


+0.054 ±0.002 V - I < 1.6 
0.000 V - I > 1.6 

+0.113 ±0.018 B-/<0.75 
0.000 K-/>0.75 


+0.041 ± 0.001 All 
+0.086 ± 0.002 All 


H 


H- 1 




-0.065 ± 0.003 All 


V 


B-V 

V - I 


-0.043 ± 0.002 All 

-0.044 + 0.002 V - I < 1.5 
0.000 V - J > 1.5 


-0.061 ± 0.001 B — V < 1.6 
0.000 B — V > 1.6 

-0.063 ± 0.001 V - J < 1.6 
0.000 V — I > 1.6 


B 


B-V 


+0.053 ± 0.003 B - V < 1.2 
0.000 B - V > 1.2 


+0.025 ± 0.001 All 


U 


U - B 


+0.103 + 0.005 U — B < 0.0 
+0.010 + 0.003 (7-B>0.0 


/[(-B - V) ] Early stars 
+0.057 + 0.002 C/-B<1.0 
+0.116 ± 0.005 U — B > 1.0 







III. Comparisons with Landolt's Photometry 

Small systematic differences between the SAAO sys- 
tem and Landolt's version is well known (M91), and is 
confirmed by SB00. We compare our data with L83 and 
L92 in Figures 8 and 9 for the 2k CCD and in Figures 10 
and 11 for the 4k CCD. The difference (A =Landolt - 
our data) is shown plotted against an appropriate color. 
In addition, we superimpose the mean line of the sys- 
tematic difference between the SAAO system and Lan- 
dolt system from M91. The differences between our 
data and Landolt's photometry follows well the trend 
obtained by M91, and therefore we could confirm again 
the differences between the two systems. This fact indi- 
rectly implies that we have reproduced the SAAO sys- 
tem at MAO. We will make some notes on each color 
in this section. 

(a) R - I 

M91 did not make any comparison with L83, and we 
did not observe many standard stars in R with the 2k 
CCD at MAO, therefore we derived the transformation 
relation only for the 4k CCD. There is no remarkable 
difference between our data and L83 or L92. The two 
data sets match well within 2mmag with a standard 
deviation of 0.01 mag 

(b) V-I 

The difference between the SAAO system and Lan- 
dolt's data in V — I is not large (less than 0.01 mag) for 
V — I = - 2, but the Landolt data are redder for bluer 
or redder stars. We could not confirm the difference for 
red stars (V — I > 2) due to the lack of very red stars in 
our data. But our 2k data show clearly that L83 data 
are redder than ours for blue stars, which is the same 
trend found by M91. 

(c) V 

M91 found that Landolt V data are slightly brighter 
(about 5 mmag) for B — V > 0.5 and has a color de- 



pendency for bluer stars (B — V < 0.5). We could not 
confirm the color dependency for blue stars from the 
2k CCD data. But we could confirm the zero point 
difference of about 5 mmag (3.6-9.7 mmag). The dis- 
tribution of Ay of the 4k data well follows the trend 
obtained by M91. 

(d) B-V 

Differences between the two standard systems in B — 
V shows a sinusoidal- like curve against B — V. As the 
SAAO system well reproduced the original Johnson's 
B — V (Cousins 1984), this implies that Landolt's B 
filter is more affected by the size of the Balmer jump 
or the strength of the hydrogen lines. The average zero 
point difference between our data and L83 or L92 is 
small, i.e. less than 5 mmag with a standard deviation 
of about 0.01 mag, but the differences against B — V 
for both L83 and L92 well follow the trend found by 
M91. This implies that L92 has the same difference 
relative to the SAAO system. 

(e) U - B 

Although systematic differences exist between the 
SAAO system and the Landolt system, the differences 
in most color indices are quite small (< 0.02 mag) for 
normal stars (B - V < 1.5 or V - I < 2). But the 
difference in U — B is too large to be ignored. Although 
the U — B scale of the SAAO system is slightly different 
from that of Johnson (Cousins 1984), the difference is 
very small (about 0.01 mag). The difference therefore 
between the SAAO system and the Landolt standard 
is due to the departure of Landolt's U — B from the 
Johnson standard system color. Such a large difference 
may cause problems in reddening estimates as well as 
in determining the temperature of hot stars. 

As shown in Figures 5 and 6, our U — B scale well 
matches that of the SAAO scale within 3.6 mmag. 
In addition there is no systematic difference bctwecm 
them. We compare our U — B with Landolt values in 
the lower two panels of Figures 8-11. As already con- 
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Table 3. 

Photometric data: standard stars 



Star 


V 


R-l 


V 


- 1 


Li 


- V 


U - B 


ev 




e V -i 










nobg 






BD+5 2468 


9.359 


-0.039 


-0 


.077 


-0 


.122 


-0.518 





006 





001 


0. 


004 





.023 





022 


4 


2 


4 


4 


4 


BD-11 162 


11.181 
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-0 


.073 


-1.072 





003 






0. 


001 





.005 





007 


7 





7 


7 


3 


BD-15 115 
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-0 


.223 


-0 


.200 
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- 


0. 
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4 


4 


4 


BD-2 524 


10.312 




-0 
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-0 
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6 


6 


6 
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-0 


.276 


-0 
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- 


0. 


003 
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2 





2 


2 


2 
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-0.016 


-0 


.030 


-0 
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0. 
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015 


18 


2 


18 


17 


11 
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-0 
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-0 
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0. 


002 
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7 


7 


5 
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-0 
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-0 
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0. 
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5 


5 


5 
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-0 
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-0 
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0. 
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1 


1 


1 
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1 
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0. 
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1 
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1 


1 
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1 
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1 


1 


1 
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0. 
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0. 
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1 





1 


1 


1 
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1 


1 


1 


1 


2 
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0. 


028 





.025 





019 


1 





1 


1 


1 


SA92-335 


12.534 







727 





685 
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Fig. 6. — Residuals of the Fairchild 486 CCD data relative 
to the SAAO system. A represents the SAAO data minus 
the transformed 4K data. The other symbols are the same 
as Figure 5. 
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Fig. 7. — Comparison of the photometric errors in U — B 
of the 4K CCD data and SAAO data against U magnitude. 
The size of circles is proportional to the number of observa- 
tions. The open circles represent variable candidates. The 
standard deviation of the 4K data is in general smaller than 
0.02 mag, while that of the SAAO data shows a drastic in- 
crease in scatter for U > 12 mag. 



Table 4. 

Seasonal mean value of extinction coefficients 



Season 

— zr 

B 
V 
R 
I 



Spring 
0.522 ± 0.015 
0.326 ± 0.034 
0.217 ± 0.018 
0.176 ± 0.033 
0.115 ± 0.017 
1.88 ± 0.09 



Summer 
0.520 ± 0.088 
0.301 ± 0.022 
0.193 ± 0.026 

0.118 
0.091 ± 0.031 
2.28 ± 0.14 



Fall 
0.453 ± 0.060 
0.248 ± 0.017 
0.141 ± 0.018 
0.093 ± 0.001 
0.051 ± 0.006 
2.75 ± 0.04 



Winter 
0.419 ± 0.012 
0.238 ± 0.018 
0.132 ± 0.009 
0.085 ± 0.009 
0.041 ± 0.012 
2.93 ± 0.10 



firmed by SB00, we could confirm the systematic dif- 
ferences in our new data obtained at MAO. The dotted 
line in A(U — B) versus B — V is from M91, and that in 
A(U - B) versus (U - B) is from Bessell (1995). The 
difference follows the same trends found by M91 and 
Bessell (1995). But for B - V = 0.5 - 1.0 the difference 
seems to be more negative, while for B — V > 1.5 the 
trend is more positive. Such a larger difference should 
be confirmed from more observations. 

IV. DICUSSION 

(a) The Characteristics of Atmospheric Ex- 
tinction 

We have already shown the yearly variation of the at- 
mospheric extinction coefficients at MAO in §//. There 
is an obvious seasonal variation of the primary extinc- 
tion coefficients. It is valuable to investigate the main 
source of extinction. 

Atmospheric extinction is mainly caused by scatter- 
ing of light by air molecules and small particles swept 
up in the earth's atmosphere. The scattering efficiency 
is a function of wavelength. And therefore the relation 
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Fig. 8. — Differences in the SITe 2k CCD data relative 
to Landolt (1983) against an appropriate color index. A 
represents Landolt (1983) minus the transformed 2k data. 
The dotted line represents the mean difference between the 
SAAO system and the Landolt system from Menzies et al. 
(1991). The other symbols are the same as Figure 5. 



Fig. 9. — Differences in the SITe 2k CCD data relative 
to Landolt (1992). A represents Landolt (1992) minus the 
transformed 2k data. The other symbols are the same as 
Figure 8. 
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Fig. 10. — Differences in the Fairchild 486 CCD data rela- 
tive to Landolt (1983). A represents Landolt (1983) minus 
the transformed 4k data. The other symbols are the same 
as Figure 8. 
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log A (/xm) 

Fig. 12. — The relation between wavelength and mean ex- 
tinction coefficients for a given season. The shaded area be- 
tween the two long-dashed lines represents the area affected 
by aerosol scattering (n = 1 — 2), and the blue short-dashed 
line denotes the extinction due to pure Rayleigh scattering 
(n =4). The open square, filled circle, open circle, and filled 
square represent the mean extinction coefficients in spring, 
summer, fall, and winter, respectively. 



between atmospheric extinction coefficients and wave- 
length of light can be expressed by 

MA) = £ (3) 

where fc(A), /3, and A represent, respectively, the extinc- 
tion coefficient, an appropriate constant, and the mean 
wavelength of filter (Golay 1974). If the extinction is 
caused solely by pure air molecules, i.e. Rayleigh scat- 
tering, then n = 4. While if the source of scattering 
is due to aerosol pollutants and fine dust, then n is 
between 1 and 2. 

To investigate the seasonal variation of scattering 
sources we averaged the extinction coefficients for a 
given season and present them in Table 4. On 2006, 
August 22 all extinction coefficients were abnormally 
large, and these data were excluded in the average. We 
also drew the mean extinction coefficient against wave- 
length in Figure 12. The mean wavelength for each 
passband was obtained from Bessell (1990). The start- 
ing date of each season is March 21, June 22, Septem- 
ber 23, and December 22, respectively. The calculated 
power n is also presented in the bottom line of Table 
4. 

Spring is the worst season for observing at MAO and 
the number of photometric nights was only two. The 
resultant power n « 2 may be biased and therefore less 
meaningful. 




8 10 12 14 



V 

Fig. 13. — The cry versus V diagram. The size of circles 
is proportional to the number of our observations. The 
dashed line represents the border between constant stars 
and variable candidates. The open circles represent variable 
star candidates (red circles are stars in M91, while the blue 
circles and blue arrows represent stars in L92). 

As already shown in Figure 1, the extinction coef- 
ficients show a large scatter in summer, especially in 
/ and U. Summer at MAO is famous for its many 
successively clear days during which we can easily see 
dust lanes in the atmosphere. The summer extinction 
is consequently strongly affected by the dust and as a 
result the power n is about 2, which is smaller than 
that in fall or winter. 

In fall and winter, the mean values of the atmo- 
spheric extinction coefficients are smaller and the power 
n is between 2.7 and 2.9 indicating that Rayleigh scat- 
tering is the main source of extinction in these seasons. 
This value is very similar to that at SSO (calculated 
from the mean extinction coefficients in SB00). 

(b) Variable Star Candidates 

The constancy of standard stars is very important in 
precision photometry. If variable stars are included in 
the observations, larger errors in the extinction coeffi- 
cients, transformation relations, and photometric zero 
points are unavoidable. From repeated observations of 
standard stars, we found several variable candidates. 

The criteria of identifying variable candidates ob- 
served with the 2k CCD are either a large difference in 
FdAV^ > 0.05) relative to the catalogued value or a 
larger scatter in V (ay > 0.015 if the number of obser- 
vations were over 3). We also confirmed the variable 
candidates observed with the 4k CCD in the same way 
as for the 2k data for the standard stars in M91 or L92. 
These variable candidates are listed in Table 5 and the 
o y versus V diagram is shown in Figure 13. 

Two known red variables in M91 (BD+1 4774 = 
BR Psc and GL628 = V2306 oph) were observed only 
once each, but did not show a large difference in V. 
Another known variable HD 173637 (= V455 Set) did 
show a large difference in V and is listed in Table 5. 



Standard Stars 
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Table 5. 

Variable candidates from Menzies et al (1991) 
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Sixteen variable candidates were found in L92. Two of 
them (SA111-1925 and SAlll-1965) were already de- 
tected through their variability with the 2k CCD. The 
candidates showed large standard deviations in both 
data sets. SA97-345 showed very large standard de- 
viations as well as large differences between our data 
and the L92 data. The star was observed three times. 
In 2006 December 26 the star was fainter by about 
0.37 mag than on the other days. Other candidates 
were observed fewer than ten times therefore more ob- 
servations of these stars are required to confirm the 
variability clearly. 

V. SUMMARY 

We observed many standard stars from Menzies et 
al. (1991) and Kilkenny et al. (1998) at Maidanak 
Astronomical Observatory in Uzbekistan to derive the 
standard transformation relations for the AZT-22 1.5m 
telescope. The results from these observations are as 
follows. 

1) We determined the atmospheric extinction coef- 
ficients for photometric nights. The primary extinc- 
tion coefficients show an evident seasonal variation. We 
tried to interpret the characteristics of the atmospheric 
extinction in the context of scattering sources. In the 
summer, the extinction seems to be strongly affected 
by the dust in the atmosphere, while in fall and winter, 
Rayleigh scattering due to air molecules seems to be 
the dominant source of extinction. 

2) We derived the standard transformation relations 
both for the SITe 2000 x 800 CCD and the Fairchild 
486 4k CCD. Transformation to the standard system 
is mostly possible with one or two straight lines for all 
bands except for U with the Fairchild 486 CCD where 



we found a non-linear correction term related to the 
size of the Balmer discontinuity or the strength of the 
hydrogen lines. 

3) All photometric data were transformed to the 
SAAO standard system and we found that our data 
are well consistent with SAAO zeropoints within a few 
mmag with a standard deviation of about 0.01 mag. 
In U — B the standard deviation of the differences was 
somewhat large (0.02 - 0.03 mag). Such a large scatter 
in U — B is very likely due to the SAAO data which 
was obtained with a small telescope (<j) — 50cm). 

4) We also confirmed the mostly small differences 
between the SAAO system and the Landolt version. 
The differences in V, B — V, V — /, and R — I are 
systematic, but not very large. But that in U — B is 
quite large and systematic. The large difference be- 
tween standard systems in U — B may cause problems 
in the determination of stellar parameters of early type 
stars. 

5) From repeated observations of standard stars we 
found large differences or a large scatter in V for some 
stars. We presented these variable candidates in Table 
5. 
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